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The collection of papers in this special issue examines the nature of some of the 
ecosystem and environmental interactions involving fungi in the tropics and the 
biodiversity of certain of these tropical fungal guilds in an effort to provide 
improved estimates to answer the question of just how much undescribed tropical 
fungal diversity remains to be discovered.  Fungi are ubiquitously found in all 
tropical environments where they are essential for ecosystem processes.  For 
example, in interactions with plants, fungi facilitate nutrient uptake (as 
mycorrhizas), provide protection against phytopathogens (as endophytes, 
phylloplane constituents or mycoparasites), breakdown and recycle the nutrients 
otherwise locked in cell wall compounds (as wood and litter decomposers), and act 
as agents of disease.  They cover a broad range of life forms and life histories from 
microscopic yeasts to those having large and conspicuous sporocarps or genets 
covering many hectares.  Tropical regions are incredibly species rich, harbouring 
the majority of terrestrial biodiversity as well as a broad variety of often unusual 
interactions between species.  Yet despite increasing interest, our understanding 
of the mycobiota and its roles in tropical ecosystems is woefully incomplete.  
 
The question of how many fungal species there are is indisputably important.  
Current estimates of these numbers range from 611,000 (Mora et al. 2011) to 
nearly ten million (Cannon 1997).  However, Hawksworth’s (1991) estimate of 1.5 
million species remains, for most, the benchmark.  One of the several caveats of the 
Hawksworth (1991) study was the dearth of information with regard to fungal 
biodiversity within tropical ecosystems and the lack of data from which we could 
reliably extrapolate tropical species numbers.  Nonetheless, the structural 
complexity of tropical forests combined with the diversity of niches and warm, 
moist climates make it a near certainty that large numbers, if not the majority, of 
undescribed fungal species reside in the tropics (Hawksworth 1993) as has been 
determined for some vertebrate groups (Giam et al. 2012). 
 
Difficulties in estimating fungal species diversity at any given site abound.  Fungal 
communities are highly diverse and, due to their cryptic and often ephemeral 
nature, the probability of encountering and recording all species present during 
any sampling effort is low.  Indeed, because of the issues associated with fully 
enumerating a fungal community, many of the studies in this special issue use 
species richness estimators of one kind or another.  However, until recently, lack of 
long-term fungal datasets in tropical sites has hindered our ability to begin to 
estimate how well our sampling efforts may be at capturing the full complement of 
fungal species richness.  The studies by Piepenbring et al. (2012) and Henkel et al. 
(2012) are important as they provide data on species accumulation rates after 
repeated samplings.  Piepenbring et al. (2012) show how species accumulation 
curves for plants in a small area in Panama saturated fairly rapidly during 
sampling (24 visits over two years in total) but the associated fungal community 
did not reach an asymptote.  Henkel et al. (2012) examined plots in Guyana over 
seven years for ectomycorrhizal macrofungi.  One of the most interesting results 
from their study is that the species accumulation curve appears to have flattened, 
but when compared with the study of Smith et al. (2011) who examined 
ectomycorrhizas on the roots of three legume trees, only 40 % of the fungi found 
as ectomycorrhizas had been discovered as sporocarps during the seven-year 
sampling period.  This indicates that many species remain to be found that have 
not yet been sampled as sporocarps and reinforces the ephemeral nature of their 
formation. 
 
Likewise, determining the factors that affect species diversity and community 
composition across scales is still an open question.  López-Quintero et al. (2012) 
examine the changes in fungal composition between forest types.  First, they 
examine forests at various stages of recovery following agricultural clearance and 
secondly they determine the compositional change between two sites in the 
Colombian Amazon.  In their study, fungal diversity did not necessarily increase 
with secondary forest age (as is commonly shown for trees, e.g. Letcher & Chazdon 
2009) and, in addition, they showed a high turnover in species composition 
between their two study sites.  Gómez-Hernández et al. (2012) present data 
showing that fungi from an elevational transect in Mexico exhibit a mid-elevation 
peak in species richness as found in many other plant and animal taxa (Rahbek 
1995), but that the patterns are somewhat different for xylophagous and 
ectomycorrhizal fungi. 
 
Many fungi are cryptic sporocarp producers, and, when they are found, are difficult 
to identify morphologically.  For this and other reasons, molecular tools have been 
particularly valuable in fungal ecology/diversity studies that strive to document or 
analyze fungal communities.  However, when using molecular identifications it is 
important to be able to consistently delineate molecular operational taxonomic 
units (analogous to species) across different studies and/or different loci.  The 
study of Setaro et al. (2012) is important in that it sets out to optimize distance 
thresholds for the two most commonly used loci (ITS and LSU) to maximize 
comparability of sequence data generated by different studies.   Then data 
generated from Sebacinales species sampled as mycorrhizae in tropical (Ecuador) 
and temperate regions are compared to determine that these fungi may be equally 
diverse in both regions.  Phosri et al.’s molecular study (2012) on ectomycorrhizal 
fungi in a tropical dry forest in Thailand showed a moderate to low diversity of 
fungi on tree roots and a fungal community with similarities to both temperate and 
tropical biomes.  These, and other papers in this issue, may assist in the current 
debate as to whether a ‘reverse latitudinal gradient’ exists for mycorrhizal fungi 
(Tedersoo & Nara 2010).   
 
The Hawksworth (1991) estimate was established based on a ratio of plant:fungal 
species in temperate regions.  Whether these ratios hold up in tropical regions is 
indirectly assessed in the papers of Berndt (2012) and Mangelsdorff et al. (2012) 
with sometimes conflicting results, highlighting the value of both sound taxonomic 
and monographic treatments as well as the need for more long term fungal studies 
in tropical regions.  For instance, the rust fungi (obligate plant pathogens) may be 
the best documented group of microfungi, yet Berndt (2012) found that ratios of 
known plant:rust species in Neotropical countries ranged from 1:16 to 1:124 – no 
doubt a reflection, at least in part, of undersampling for fungi in most of these 
areas. 
 
Lücking (2012) asks the question of not just how many species remain to be 
discovered, but of what form these species may take.  He uses a novel ‘character 
correlation index’ whereby combinations of traits that are known to be correlated 
in currently described species are used to predict the traits that are expected to be 
correlated and found in currently unknown species.  He predicts that another 48 
lichen-forming fungi in the Graphis group alone remain to be discovered, 
approximately doubling the known number in this genus. 
 
The impacts of disturbances on fungal communities have been poorly studied in 
tropical regions, perhaps because these communities have been considered, likely 
wrongly, as both resistant and resilient to disturbance (Allison & Martiney 2009).  
Three papers in this issue address this assumption: da Silva et al. (2012) 
determine the impact of mining and restoration in Brazilian restinga on 
communities of arbuscular mycorrhizal fungi by counting and identifying spores.  
Hattori et al. (2012) show how diversity of polypore fungi is dependent upon the 
presence of suitable host trees that may be removed by logging or conversion to 
plantations in their Malaysian study sites.  And, as already discussed, López-
Quintero et al (2012) examine the effects of clearance for shifting cultivation and 
subsequent forest recovery on fungal diversity. 
 
Just as the study of Berndt (2012) shows that species data is unevenly distributed 
geographically, other papers in this issue show that there are, likewise, a number 
of specialized habitats that still remain to be fully assessed for tropical fungal 
diversity.  These include fungi inhabiting insect guts, among which are the 
Trichomycetes that have been reviewed by Lichtwardt (2012).  The abundance 
and diversity of insect host species will clearly affect fungal species diversity and 
an improved assessment of insect-associated fungal diversity in the tropics is 
certainly a priority for mycologists.  Finally, Jones and Pang (2012) provide a 
timely review of tropical aquatic fungi, highlighting areas in need of future 
research. 
 
Hawksworth (2012) completes this special issue with a re-examination of the 1.5 
million fungal species estimate taking into consideration new studies from the 
tropics and the increasing number of molecular diversity studies published since 
his original estimate. This rounds out these contributions that we hope will help us 
move towards a better understanding of fungal diversity in the tropics. 
 
Acknowledgements We are very grateful to David Hawksworth for his continual 
encouragement regarding this special issue and all the authors and reviewers for 
their excellent contributions. 
 
References 
 
Allison SD, Martiny JBH (2008) Resistance, resilience, and redundancy in microbial 
communities. Proc Natl Acad Sci USA 105 (Suppl. 1):11512-11519 
 
Berndt R (2012) Species richness, taxonomy and peculiarities of the neotropical rust fungi: 
are they more diverse in the Neotropics? Biodivers Conserv. DOI: 10.1007/s10531-
011-0220-z 
 
da Silva DAC, Pereira CMR, de Souza RG, da Silva GA, Oehl F, Maia LC (2012) Diversity of 
arbuscular mycorrhizal fungi in restinga and dunes areas in Brazilian northeast. 
Biodivers Conserv. 
 
Cannon PF (1997) Diversity of the Phyllachoraceae with special reference to the tropics. 
In: Hyde KD (ed) Biodiversity of Tropical Microfungi. Hong Kong University Press, 
Hong Kong, pp 255–278  
 
Giam X, Scheffers BR, Sodhi NS, Wilcove DS, Ceballos G, Ehrlich PR (2012) Reservoirs of 
richness: least disturbed tropical forests are centres of undescribed species 
diversity. Proc Roy Soc B: Biol Sci. DOI: 10.1098/rspb.2011.0433 
 
Gómez-Hernández M, Williams-Linera G, Guevara R, Lodge DJ (2012) Patterns of 
macromycete community assemblage along an elevation gradient: options for fungal 
gradient and metacommunity analyses. Biodivers Conserv. DOI: 10.1007/s10531-
011-0180-3 
 
Hattori T, Yamashita S, Lee S-S (2012) Diversity and conservation of wood-inhabiting 
polypores and other aphyllophoraceous fungi in Malaysia. Biodivers Conserv. DOI: 
10.1007/s10531-012-0238-x 
 
Hawksworth DL (1991) The fungal dimension of biodiversity: magnitude, significance, and 
conservation. Mycol Res 95:641–655 
 
Hawksworth DL (1993) The tropical fungal biota: census, pertinence, prophylaxis, and 
prognosis. In: Isaac S, Frankland JC, Watling R, and Whalley AJS (eds) Aspects of 
Tropical Mycology, Cambridge University Press, UK, pp 265-293 
 
Hawksworth DL (2012) Global species numbers of fungi: are tropical studies and 
molecular approaches contributing to a more robust estimate? Biodivers Conserv. 
 
Henkel TW, Aime MC, Chin MML, Miller SL, Vilgalys R, Smith ME (2012) Ectomycorrhizal 
fungal sporocarp diversity and discovery of new taxa in Dicymbe monodominant 
forests of the Guiana Shield. Biodivers Conserv. DOI: 10.1007/s10531-011-0166-1 
 
Jones EBG, Pang K-L (2012) Tropical aquatic fungi. Biodivers Conserv. DOI: 
10.1007/s10531-011-0198-6 
 
Letcher SG, Chazdon RL (2009) Rapid recovery of biomass, species richness, and species 
composition in a forest chronosequence in northeastern Costa Rica. Biotropica 
41:608-617 
 
Lichtwardt R (2012) Trichomycete gut fungi from tropical regions of the world. Biodivers 
Conserv. DOI: 10.1007/s10531-011-0146-5 
 
López-Quintero CA, Straatsma G, Franco-Molano AE, Boekhout T (2012) Macrofungal 
diversity in Colombian Amazon forests varies with regions and regimes of 
disturbance. Biodivers Conserv. DOI: 10.1007/s10531-012-0280-8 
 
Lücking R (2012) Predicting species richness in tropical lichenized fungi with ‘modular’ 
combinations of character states. Biodivers Conserv. DOI: 10.1007/s10531-011-
0217-7 
 
Mangelsdorff R, Piepenbring M, Perdomo-Sánchez O (2012) Correlation of diversity of rust 
fungi and their host plants with disturbance and conservation of vegetation in 
western Panama:   a case study in western Panama focused on Orchidaceae and 
pteridophytes as host plants. Biodivers Conserv. DOI: 10.1007/s10531-012-0302-6 
 
Mora C, Tittensor DP, Adl S, Simpson AGB, Worm B (2011) How many species are there on 
earth and in the ocean? PLoS Biol 9:e1001127 
 
Phosri C, Põlme S, Taylor AFS, Kõljalg U, Suwannasai N, Tedersoo L (2012) Diversity and 
community composition of ectomycorrhizal fungi in a dry deciduous dipterocarp 
forest in Thailand. Biodivers Conserv. DOI: 10.1007/s10531-012-0250-1 
 
Piepenbring M, Hofmann TA, Unterseher M, Kost G (2012) Species richness of plants and 
fungi in western Panama: towards a fungal inventory in the tropics. Biodivers 
Conserv. DOI: 10.1007/s10531-011-0213-y 
 
Rahbek C (1995) The elevational gradient of species richness: a uniform pattern? 
Ecography 18:200-205 
 
Setaro SD, Garnica S, Herrera PI, Suárez JP, Göker M (2012) A clustering optimization 
strategy to estimate species richness of Sebacinales in the tropical Andes based on 
molecular sequences from distinct DNA regions. Biodivers Conserv. DOI: 
10.1007/s10531-011-0205-y 
 
Smith ME, Henkel TW, Aime MC, Fremier AK, Vilgalys R (2011) Ectomycorrhizal fungal 
diversity and community structure on three co-occurring leguminous canopy tree 
species in a Neotropical rainforest. New Phytol 192:699-712 
 
Tedersoo L, Nara K (2010) General latitudinal gradient of biodiversity is reversed in 
ectomycorrhizal fungi.  New Phytol 185:351–354 
 
 
